this suggests that a different CXCL12-producing cell regulates the mobilization of HSCs. It has been shown 4 that HSCs in the bone marrow are affected by a type of CXCL12-producing reticular cell (a cell that contributes to the stroma), although the specific nature of these cells is unclear.
The authors find that, downstream of the β 3 receptor, the stability of the gene transcription factor Sp-1 is reduced by the removal of a phosphate group. Such dephosphorylation might contribute to the decreased expression of the Cxcl12 gene. With reduced CXCL12 to anchor HSCs to the bone marrow, these cells would be able to transiently enter the circulation.
The task ahead is to discern the physiological significance of the cyclic changes in stem-cell circulation. On noting circadian variation in a stem-cell circulation, the authors of a previous study 5 proposed that it could be used to harvest stem cells for transplantation. This clinical application would certainly be good. But from an evolutionary perspective, the advantage for the organism of circadian variation in the circulating levels of HSCs, or indeed HSC circulation at all, is unclear.
A clue to why HSC circulation is advantageous might lie in its circadian nature. Perhaps bone and bone marrow function as an integrated system. Bone formation occurs in a diurnal manner in rodents, with the greatest remodelling occurring during periods of light 6 . Many hormones affecting skeletal mass, including parathyroid hormone and leptin, undergo circadian cycling 7 . Also, clock genes, such as Per1, Per2 and Cry, in osteoblasts inhibit bone formation and, in their absence, leptin-driven adrenergic stimulation has a proliferative effect on osteoblasts 8 . Circadian bone-modifying events might occur in synchrony with adrenergic stimulation of the β 3 receptors on stromal cells, causing Sp1 degradation, decreased CXCL12 production and increased HSCs in the blood (Fig. 1) .
Because modifications to bone would also be expected to modify both bone marrow and the niches it provides for blood-cell production, it could be that it is the remodelling of their 'home' that sends HSC residents packing. If remodelling or making new bone creates bone-marrow niches, filling them with stem cells rather than with 'foreign' cell types such as more mature or even mutant cells may be advantageous. In invertebrate animal models, foreign cells occupying niches can undergo dedifferentiation and other events inducing cell division 9, 10 . This might be problematic considering the risk of malignancy in longer-lived organisms.
During embryonic development, bloodcell production in the bone marrow requires circulating HSCs to migrate to and engraft in the niche 11 . Perhaps the same is true for the constantly remodelling adult bone and bonemarrow niches, in that they require a circulating cell to undergo migration and engraftment as a selection process for the fittest stem cells. Circadian oscillations in stem-cell location might contribute to synchronized generation of niches and their rapid occupancy by the bestsuited stem cells. Perhaps a good breakup can ultimately ensure 'domestic tranquillity' . 
YEARS AGO

An interesting lecture was given by Sir William Preece at the Institution of Electrical Engineers on March 12 on his recent visit to America, and the various improvements in constructional and engineering works since his previous visits were dealt with. The sky-scraper buildings appear to afford a considerable day load, in that they employ numerous lifts which are constantly in use … On the telephone question, America seems to have gone ahead of us on this side. In most of the hotels telephones are installed in every bedroom, so that business may be transacted with any part of the country. This applies also to the restaurants, where telephones may be plugged on to your table if desired. The Telephone Tariff question has also been thoroughly considered in America, and the message rate has been adopted in preference to the simple annual rental.
From Nature 26 March 1908.
ASTRONOMY
Starbursts near and far
Yu Gao
Observations of intensely bright star-forming galaxies both close by and in the far Universe seem to emphasize their similarities. But look a little closer, and telling differences emerge.
In a recent issue of the Astrophysical Journal, two papers 1,2 present the latest measurements of 'starburst' galaxies -galaxies whose extreme brightness is thought to indicate short, intense bursts of star formation. This latest work is a fine example of the instruments and methods that are providing ever deeper insight into these spectacular objects. But equally, it exposes gaps in our knowledge that cannot be filled by using current instrumentation, and that must wait for the next generation of more powerful telescopes.
The first of the papers, by Mangum et al. 1 , provides perhaps the most accurate measurements so far of the density of star-forming molecular gas in nearby starburst galaxies. The authors used the National Radio Astronomy Observatory's 100-metre-aperture Green Bank Telescope in West Virginia to investigate 19 close galaxies that emit strongly in the infrared. They surveyed radio waves emitted by the galaxies at centimetre wavelengths corresponding to two 'K-doublet' transitions of the organic molecule formaldehyde (H 2 CO) -a reliable density and temperature probe in the star-forming molecular clouds in our own Galaxy.
The weakness of these transitions, coupled with the presence of intermingling emission and absorption features in the spectrum, makes such measurements complicated, even for nearby galaxies. The authors could detect one transition from most of the galaxies, but both transitions (allowing precise measurement of spatial densities) from only five. The findings confirm what had been observed with other dense-gas tracers such as hydrogen cyanide (HCN) 3 : that galaxies with higher star-formation rates tend to have higher gas density. This correlation supports the idea that vigorous starbursts are driven by the amount of dense molecular gas available to form stars 4 . In the second paper, Hathi et al. 2 extend observations of starburst intensities to much more distant galaxies, at redshifts of up to 6. Redshift describes the fact that the Universe is expanding, and that light from a distant cosmic source will therefore be stretched to longer (redder) wavelengths as it travels towards us. Redshift is thus a measure both of 'lookback time' -light with a redshift of 6, for example, is light emitted when the Universe was about a tenth of its current age -and also, because light travels at a finite speed through the cosmos, of a source's distance from us. Accordingly, Mangum and colleagues' sample of nearby galaxies has a redshift of almost zero.
Newborn stars emit light mostly at ultraviolet wavelengths. This light heats the surrounding interstellar dust, which then radiates at infrared wavelengths. Because of the redshift effect, Hathi et al. 2 used two cameras aboard the Hubble Space Telescope that were sensitive at optical and near-infrared wavelengths, respectively, to observe the original ultraviolet light from two galaxy samples lying at redshifts of 3-4 and 5-6. The authors deduce a constant maximum star-formation intensity for both samples, one that is broadly in agreement with earlier observations of starbursts at lower redshifts.
Before we hasten to draw physical conclusions from these similarities, we must bear in mind that we might not be comparing like with like. The most powerful local starbursts, ultraluminous infrared galaxies or ULIRGs, typically have extreme starburst regions smaller than 1,000 light years across. The mass of gas in those regions is the equivalent of a billion solar masses, and their luminosity can be greater than that of a couple of hundred billion Suns 5 -several times more than is emitted by an entire typical spiral galaxy such as our Milky Way.
But ultraviolet imaging of the central regions of nearby ULIRGs indicates that ultraviolet emissions make up at most only around 7% of total emissions 6 , and that a thousand light years or more separate peaks of ultraviolet and infrared emission. The implication is that Hathi and colleagues' intensity measurements represent just residual light leaking from stars in dust-enshrouded star-forming regions, and miss the dominant infrared radiation re-radiated by the dust. That supposition is supported by recent surveys of the deep Universe, such as COSMOS 7 , GOODS 8 and SWIRE 9 , which are finding more and more high-redshift dust-obscured galaxies with large infrared-toultraviolet luminosity ratios that had been missed in traditional optical surveys.
That would seem to lead to one of two conclusions. First, that Hathi and colleagues' high-redshift galaxies are powered by even brighter extreme starbursts, largely hidden in dust, than those found in the local Universe -with concomitantly much higher densities of molecular gas than could possibly be extrapolated from Mangum and colleagues' H 2 CO results. Recent efforts to detect HCN at high redshifts have offered some evidence for a higher ratio of star-formation rate to dense gas at early cosmic times [10] [11] [12] . An alternative explanation for the anomaly is that the earlier starbursts might simply be very much larger in extent, with intensities comparable to those of the nearby starburst galaxies.
If the earlier starbursts are indeed in general much more intense, we might suppose that they have a different physical origin. The extreme starburst activity of nearby ULIRGs is thought to have been triggered by the strong interaction or merger of gas-rich spiral galaxies (Fig. 1) . A possibility for the high-redshift starbursts is that a fraction of the luminosity is caused by at least one dust-obscured 'active galactic nucleus' (AGN) -a black hole at the centre of the merging galaxies. If that is so, are there any evolutionary connections between extreme starbursts, the build-up of massive AGNs, and how galaxies assemble? A link between the mass of the black hole at the centre and the mass of the central bulge of the host galaxy certainly exists 13, 14 . Extreme starbursts close to the galaxy centre might well help to speed up the assembly of mass around the bulge through rapid, runaway star formation, which in turn would feed the growth of the central black hole, causing stronger AGN activity.
Combining optical and infrared observations is one way to improve our estimation of the all-important star-formation rate in starburst galaxies 15 . But ultimately, observations of distant starbursts at longer far-infrared and submillimetre wavelengths will be the key to better quantifying their true star-formation rate and intensity. We might not know the full answer until the resolving power and sensitivity of next-generation facilities such as the international Atacama Large Millimeter/submillimeter Array (ALMA) 16 and NASA's James Webb Space Telescope (JWST) 17 come to fruition in the next few years. ALMA will be able to reveal the obscured starburst intensity maps, as well as the distribution of dense molecular gas and its kinematics, at high redshifts. The capability of the JWST in the mid-infrared will directly expose hidden starbursts buried in their surrounding dust.
We will have to wait a little longer before we have the means to apply Mangum and 
NANOELECTRONICS
Spin surprise in carbon
Arne Brataas
Spintronics is an emerging branch of electronics that exploits electrons' spin, rather than charge. In carbon nanotubes, the coupling of this spin with electron motion could offer a desirable way to control quantum information.
Electrons have an electrical charge and a spin -an intrinsic angular momentum as if the electron were spinning around its own axis. The spin adopts one of two states, the manipulation and detection of which forms the basis of a branch of electronics known as spintronics. If the spin interacts with electron motion, it can cause the spin to change state, leading to loss of information in a spintronics device. In carbon, these spin-orbit interactions were thought to be weak, making the material ideal for sending spin information over long distances. In this issue, McEuen and colleagues 1 (page 448) show that in carbon nanotubes, spin and orbital motion are more strongly coupled than previously thought. Far from being a bad thing, this opens up new possibilities for manipulating electron spin.
The spin state of electrons can be used as a binary variable in much the same way that oppositely charged particles (electrons and positively charged 'holes') are used in semiconductor devices. This has opened up new fields of science and technology and has already led to commercial devices, such as read heads for computer hard disks. These devices rely on a spin-dependent principle known as giant magnetoresistance, the discovery of which won the 2007 Nobel Prize in Physics for Albert Fert and Peter Grünberg 2 .
Carbon nanotubes have great appeal as possible components of spintronics devices. These carbon structures consist of sheets of carbon atoms rolled up into a cylinder, and this topology separates electron movement into two orbitals of equal energy: one that circles the tube in a clockwise direction, and one that circles anticlockwise. This simple orbital arrangement could make it easier to manipulate electrons and offers another binary variable that might be useful for carrying information. Furthermore, spintronic signals in carbon are expected to be stable because the small size of the nucleus reduces electronic spin-orbit interactions, and because carbon nuclei have no nuclear spin to cause the signal to decay.
McEuen and colleagues 1 now demonstrate that in carbon nanotubes the interaction between an electron's spin and its orbital motion is strong. This is no mean feat, because the effects of the spin-orbit interaction first have to be isolated from those of other interactions. In particular, electron-electron interactions in carbon nanotubes have a marked effect on electron properties. The authors addressed this problem by constructing a nanotube quantum dot -a nanotube that contains just one, or a few, charge carriers (electrons or holes) constrained in all three spatial dimensions.
The authors used a method known as a Coulomb blockade to confine the charge carriers. This involves applying a 'gate' voltage part of the way along the nanotube, inducing a background potential that dictates the number of electrons or holes in the dot. They also applied a 'source-drain' voltage across contacts placed at either end of the nanotube. By measuring the current through the nanotube, the authors were able to determine a quantity known as differential conductance (a measure of the rate of change of current as a function of the source-drain voltage). When they plotted the differential conductance against the gate and source-drain voltage, they observed peaks that correspond to the energy required to add or subtract a confined electron (or hole). This allowed them to calculate the corresponding energy levels for these charge carriers.
In the absence of spin-orbit interactions, the electronic ground states of carbon nanotubes were thought to be four-fold degenerate -that is, at each energy level there are four states (Fig. 1) . Two of these are spin states (spin up and spin down) and two are orbital states (clockwise and anticlockwise). The existence of these states can be revealed by applying a magnetic field parallel to the tube's axis. The magnetic field couples independently to the spin and orbital moments, changing the energies of the states so that they are no longer equivalent.
McEuen and colleagues' results 1 shatter the dogma of the degeneracy of carbon nanotubes. 
